When oil spill occurs, it poses serious toxic hazards to all forms of life. Mixed culture of Burkholderia cepacia and Corynebacterium sp isolated from refinery sludge using selective enrichment technique was used for bioremediation of refinery wastewater in a laboratoryscale bioreactor. Physicochemical parameters of both raw and treated water were as determined and compared with Federal Environmental Protection Agency (FEPA-limit, Abuja, Nigeria) to asses the efficiency of the bioremediation process. Each of the bacterium was screened for the presence of plasmid DNA and for the involvement or otherwise of plasmid in the bioremediation of wastewater. The immobilised cells showed percentage decrease in chemical oxygen demand (97%), biochemical oxygen demand (94%), phenol (98%), total petroleum hydrocarbon (79%), oil and grease (90%) of the refinery waste water after 20 days of treatment while their transconjugants showed the multiplicative effect by achieving the same percentage after 10 days of treatment. Therefore, the findings revealed that bioaugmentation of wastewater using transmissible catabolic plasmid will enhance efficiency of the bioremediation by spreading the plasmid among indigenous microbial community either through horizontal gene transfer or transformation.
Introduction
Wastewater released by petrochemical industries are characterized by the presence of large quantity of polycyclic and aromatic hydrocarbons, phenols, metal derivatives, surface active substances, sulphides, naphethylenic acids and other chemicals. 1, 2 The process of refining crude oil consumes large amounts of water. Consequently, significant volumes of wastewater are generated. 3 Coelho et al. 3 reported that the volume of refinery effluent generated during processing is 0.4-1.6 times the amount of the crude oil processed. Thus, based on the current yield of 84 million barrels per day (mbpd) of crude oil, a total of 33.6 mbpd of effluent is generated globally. 4 Mobile genetic elements (MGEs) that encode catabolic genes are considered to play a major role in the adaptation of microbial populations to xenobiotic organic compounds, through either by spreading the genes in a community and thereby increasing the diversity of organisms able to metabolise these compounds, or by rearranging and combining pre-existing genes or gene fragments from different microorganisms to constitute a new pathway dealing with a new compound. Such catabolic mobile elements include plasmids, transposable elements and elements using phage-like integrases. 5, 6 Effluents from the oil industry will continually be produced and discharged into the world's main water bodies. However, these pollutants pose serious toxic hazards to the environment. Petroleum refinery effluent can vary greatly depending on the type of oil being processed, the plant configuration, and operation procedures 7 . They enter into waterways and have negatives impact on the aquatic and terrestrial eco-systems.
Bioremediation has long been applied as a treatment technology that is cost-effective, ecologically friendly and efficient for the decontamination of hydrocarbon polluted soils. [8] [9] [10] [11] [12] [13] [14] [15] There is a need for the survival of inoculum and to remain physiologically stable for a very long time in a pollutant, the inoculation of strains with MGEs that encode the relevant genetic information and their subsequent genetic horizontal transfer to one or various well established and competitive indigenous bacterial populations of an ecosystem is an alternative strategy. In this case, the survival of the introduced donor strain is no longer needed once the catabolic genes are transferred and expressed in the indigenous bacteria within the ecosystem. 16 The immense potential of such microorganisms to degrade petroleum hydrocarbon does not depend solely upon the wealth of catabolic enzymes that these organisms possess, but also upon their capacity for adaptive change. 17 The present work identified mixed culture of crude oil degrading Burkholderia cepacia and Corynebacterium sp isolated from refinery oil sludge and their ability to transfer plasmid to the indigenous bacteria in the ecosystem for the preparation of bacterial blend that could be used in bioremediation of refinery waste water.
Materials and Methods

Collection of the wastewater Samples
The wastewater samples from different concrete wastewater reservoirs in Kaduna Refinery & Petrochemical Company (KRPC; Kaduna, Nigeria) were collected into four litres plastic bottles and stored in an ice block cooler and transferred to the laboratory immediately for analysis. 18, 19 All the collected samples were preserved in accordance with guidelines and International Standards. The samples collected were analysed for pH, biological oxygen demand (BOD 5 ), chemical oxygen demand (COD), total dissolved solids, phenol, oil and grease, sulphide and some selected heavy metals. All other quality assurance and quality control procedure relevant to samples collection, custody and analyses were strictly adhered to for the determination of physicochemical parameters. [20] [21] [22] [23] Immobilization of cells solution containing 3% bacteriological agar was dissolve in 0.9% sodium chloride (100 mL) in a 250 mL Erlenmeyer flask, sterilized and cooled to 40-45°C. The inoculi with optical density (OD) 600nm =1.0 which correspond to 10 9 cfu/mL was added to the prepared molten agaragar maintained at 40°C, shaken well for few seconds (without forming foam), poured into sterile flat bottom 4-inch-diameter petriplates, solidification occurred after 10 min. The solidified agar block was cut into equal size cubes, then added to sterile 0.1 M phosphate buffer (pH 7.0), and kept in the refrigerator (1 h) for curing. Phosphate buffer was decanted and the cubes were washed with sterile distilled water 3 to 4 times before used. 24 
Bioremediation using immobilized mixed culture
Initial physicochemical characterization of the refinery wastewater was done.
Two litres of the refinery wastewater supplemented with minimum basal medium in g/L [NaCl (0.8); MgSO 4 .7H 2 O (0.001); KH 2 P0 4 (2); NaN0 3 (2); CaCl 2 .2H 2 0 (0.5); NaHP0 4 .12H 2 0 (2)] was sterilized in an autoclave at 121°C for 15 min. One litre of the sterilized wastewater was dispensed into 5 L bioreactor fitted with air sparger aseptically. Thirty grams each of the immobilized bacterial cells was added. 25 Physicochemical parameters were determined in triplicate at every five days intervals to monitor the progress of bioremediation for 20 days.
Preparation of crude oil degrading transconjugant culture
Method of Bathe and Hausner (2010) 26 was modified and used for the preparation of crude oil degrading transconjugants. This was done to transfer catabolic plasmid from oil degrading host strains to a mixture of non-oil degrading indigenous strains in the oil sludge. Overnight donor cell of mixed culture of Burkholderia cepacia and Corynebacterium sp grown in Luria-Bertani (LB) medium supplemented with 1% crude oil. Also ten grams of oil sludge was added to 90 mL of Bushnell-Haas (BH) medium and incubated for 48 h to obtain oil sludge suspension. Two mL of donor strains was mixed with 2 mL of pre-grown suspension of oil sludge. Drop of 1 mL of this mixture was plated on LB agar plates and incubated at 37°C for 24 h for the conjugation to occur.
The mating spot was scrapped of the agar surface and resuspended the cells in 1 mL of phosphate buffered saline (PBS), centrifuged and discarded the supernatant. The pellet mixtures were spread on oil agar plates (BH medium supplemented with 2% crude oil) to select transconjugants.
Prior to mixing of donor and recipient indigenous suspension was unable to grow in oil agar. Transconjugant was selected, purified in PBS and later used for bioremediation process. The colonies on the oil agar were removed and transferred into 1 mL of PBS, vortex vigorously, centrifuged for 10 min at 5000 rpm. Pellet was re-suspended again in PBS. The cell pellet was washed twice and resuspended with BH medium until OD 600 was equivalent to 1.0.
Screening of transconjugant bioremediation capabilities
Ten grams of wood chips was added to five litres bioreactor fitted with air sparger to serve as biofilm carrier material. One litre of refinery wastewater supplemented with minimum basal medium was transferred to bioreactor. The 10% of cells of crude oil degrading transconjugant with OD 600nm =1.0 which correspond to 10 9 cfu/mL was added to the bioreactor control sample contained only the sludge inoculums without culture. Set up was left for 10 days. The following parameter was used for assessment, e.g. COD, oil and grease, phenol, % oil loss and sulphide.
Plasmid profiling and agar gel electrophoresis
Plasmid extraction was carried out using the method described by Ojo and Oso (2009) 27 with slight modification. Pure isolates were inoculated on tars broth and incubated. The grown cells were harvested and suspended in 200 µL of solution A [100 mm glucose-50 mm tris hydrochloride (pH 8)-10 mm ethylenediaminetetraacetic acid (EDTA)] containing 10 mg tanolysin and incubated for 30 min at 37°C in a dodecyl sulphate in 0.2 µL NaOH was added and the samples were mixed by inverting tubes. Three hundred uL of a 30% potassium acetate solution (pH 4.8) was added and the samples were mixed by vortexing. The supernatant was removed and extracted once with a phenol -chloroform mixture (1:1) and precipitated with an equal volume of isopropanol. The plasmid DNA was then dissolved in 100 µL of tris-EDTA buffer. Electrophoresis of the DNA was carried out on a 0.8% agarose gel in a 0.5×concentration of tris-borate-EDTA buffer. After boiling, the solution was allowed to cool 10 µL of ethidium bromide was added to the cooled agarose solution. This was poured into a casting tray with a comb placed across its rim to form wells. The gel was allowed to set for 30 min and the comb was removed. Twenty µL of the plasmid DNA samples were then loaded into the wells after mixing with 2 µL of bromophenol blue. A DNA molecular weight marker was also loaded into one of the well. The gels were thereafter electropholesed in a horizontal tank at a constant voltage of 60v for about 1 h and 30 min. After electrophoresis, plasmid DNA bands were viewed by fluores-
Curing of plasmid
Curing of plasmid was done to identify the catabolic plasmid encoded in the isolated bacteria. The modified methods 28, 29 were used. A stock solution of 10% sodium dodecyl sulfate (SDS) was prepared by the addition of 10 g SDS to 100 mL of nutrient broth. The pH was adjusted to 7.8-8.0. The mixture was steamed for 1 h and kept aside as stock. The overnight cultures of selected isolates in LB were diluted 100-fold and 0.5 mL volume of each of the isolates was transferred aseptically into fresh 30 mL volume of nutrient broth. The cultures were incubated with shaking for 3 h and SDS stock solution was added to give the required final concentration 1% (w/v). The cultures were incubated at room temperature with mild agitation for 72 h. The cells were then tested for crude oil degradation: after transferring 0.5 mL sample of each of the isolates into nutrient broth supplemented with crude oil 2% (w/v), the plasmid content was determined by carrying out the plasmid isolation procedure described above.
Results and Discussion
The result of both raw and treated kaduna refinery wastewater using immobilised mixed culture of Burkholderia cepacia and Corynebacterium sp. are presented in Table 1 while the result of treated wastewater using transconjugants are shown in Table 2 Result revealed an overall reduction in all the physicochemical parameters below FEPA-Limit. Lead (Pb 2+ ) was completely biosorptioned, while nitrate and sulphate were significantly reduced. BOD 5 test was found to reduce to (14 mg/mL). Both BOD and COD are useful parameters in determining the relative waste loading and higher degree therefore indices the presence of large amount of organic pollutant and relatively higher level of microbial activities with consequent depletion of oxygen content. 30 However, nitrate and phosphate are essential nutrients to plants life, but when found in excess quantities, stimulates excessive plant growth leading to potentially toxic algal blooms. 31 The results obtained in the plasmid profiling in Figure 1 showed that both isolates contained plasmid. Plasmids that encode enzymes involved in the transformation of environmental pollutants are known as catabolic plasmids. 32 The incidence of such plasmids in oil degrading bacteria had been reported by many researchers, 33 reported that the catabolic gene which encode degradation routes of different aromatic and aliphatic hydrocarbons are frequently located on plasmids, although degradative genes can be located on either chromosome or plasmid. 34 Whyte and colleagues 35 extracted plasmids from Burkholderia and Corynebacterium strains isolated from oilsludge conferred ability to degrade crude oil in order to confirm whether the observed biodegradation potential in the isolates was plasmid or chromosomal mediated, the cured colony was unable to grow on Bushnell-Haas medium agar with crude oil as sole carbon source, therefore, the total loss of biodegradation ability after plasmid curing shows the involvement of plasmid in catabolic activity of hydrocarbon biodegradation, this indicates that the gene(s) responsible for crude oil degradation might have been cured, thus not allowing the colony to grow in oil agar. 36 Catabolic pathways, which encoded different aromatic hydrocarbon degradation routes, are frequently located on plasmids, although genes involved in degradation can be located on either chromosomal DNA or plasmid. 37 Our findings show that the capacity to mineralize crude oil by Burkholderia and Corynebacterium species are plasmid-encoded. Agarose gel electrophoretic separation profiles (Figure 1 ) of plasmidic DNA isolated from non-cured cultures showed that Burkholderia and Corynebacterium species harboured single plasmids with high molecular weight. To determine the plasmid harbouring the catabolic genes involved in crude oil degradation, electrophoretic profiles of plasmids isolated from the cured strains were compared with those of the non-cured one. The findings showed that the introduction of the transmissible catabolic plasmid into the indigenous bacteria strains in the oil sludge increase their catabolic ability. Result shown in Table 2 with 96% of oil degradation ( Table 2 ). The transconjugants showed multiplicative effect on the bioremediation process by reducing the biokinetic parameters in ten days while twenty days in immobilised cells.
There a lot of investigations on the effect of inoculation and subsequent transfer of cata- 38 demonstrated transfer of the IncP-1L plasmid pJP4 from Ralstonia eutropha JMP134 to indigenous soil bacteria when high concentrations of 2,4- Top and colleagues 39, 6 studied the effect of conjugative transfer of a few different 2,4-D degradative plasmids on 2,4-D degradation in soil; while Mancini et al. 40 examined plasmid transfer in an activated sludge unit and found the highest numbers of transconjugants on the bottom of the primary clarifier and in the return-activated sludge from the secondary clarifier, where cell densities are the highest.
Article
Diya'uddeen et al. 30 reported that the minimum amount of dissolved oxygen necessary for normal life in an aquatic environment is about 2 mg/L, 41 and the discharge of high organic matter containing waste waters into water bodies results in the excess consumption of oxygen by the bacteria. This is oxidation of the effluent, thus depleting oxygen from the water faster than it dissolves back into the water from the air. 41 In addition, oxygen availability is important because the end products of chemical and biochemical reactions in anaerobic systems often produce aesthetically displeasing colours, tastes and odours in water. 8 Phenol is one of the major pollutants found in refinery effluents. It was found in large concentrations in both the raw wastewater. The major sources of phenol in the petroleum refinery wastewater are the thermal and catalytic cracking processes. The observed value for phenol in raw wastewater was 68.13 mg/L while both cells were able to reduce it significantly to (0.32 and 1.06 mg/L) in both cells. Its content in the treated sample was significantly higher than in transconjugant treated cells 0.5 mg/L 19 or 0.1 mg/L 18 recommended for refinery effluents.
Phenols are very toxic to fish and other aquatic organisms and has the unique property of tainting fish if present in water at concentration between 0.1 to 1 mg/L. 42, 43 The toxic concentration for fishes may range from <0.1 to >100 mg/L, depending on the chemical nature of the phenol, the fish species and the developmental stage, with embryo-larval stage being many times more susceptible than adults. 44 Oil and grease and total petroleum hydrocarbon were found to be (43.20±2.67) to (2.53±0.94) mg/L and (4.12±0.56) to (0.88±0.12) mg/L in both raw wastewater and treated wastewater respectively after 20 days. Petroleum hydrocarbons have been observed to be toxic to aquatic life. Pollino and Holdway 45 observed that a water accommodated fraction of crude oil or dispersed crude oil water accommodated fraction increased the activity of gill citrate synthase at a concentration of 14.5 mg/L. Lipophilic hydrocarbons have been observed to accumulate in the membrane lipid bilayers of microorganisms and interfere with their structural and functional properties. 46 Grant and Briggs 47 concluded that when oil containing hydrocarbons are discharged into water body can cause depletion of dissolved oxygen due to transformation of organic components into inorganic compounds, loss of that is important in food chain and eutrophication also has short term toxicity in fishes which includes: lymphocytosis, epidermal hyperplasia, hemorrhagic septicaemia. 2, 30, 48 At the end of 20 days treatment the isolates were able to reduce the physicochemical parameters of refinery waste water, therefore, mixed culture used in this research work confirmed microbial consortia as better degraders as reported by several authors, [49] [50] [51] [52] [53] therefore, this microbial blend can be adopted in refinery for the treatment of their wastewater before being discharge into waterways.
Conclusions
The result of the present findings revealed that refinery sludge harbour hydrocarbon degraders and that such organism can be immobilised for reusable purposes and that they carry transmissible catabolic plasmid that can be acquired by other autochthonous bacteria with weak catabolic potentials. This can be used for bioremediation protocol in refinery wastewater treatment. 
